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Abstract: The aim of this paper is to explore the efficacy of whole brain radiotherapy (WBRT) 
versus WBRT concurrent with erlotinib in patients with multiple brain metastases of lung 
adenocarcinoma. WBRT was administered at 30Gy/10f in both arms. In the combination arm, 
150 mg erlotinib was given each day, starting the first day of radiotherapy and continuing for 
1 month following the end of radiotherapy. Thereafter, pemetrexed or docetaxel monotherapy 
or the best supportive therapy was given to both arms. The intracranial objective response rate 
and the local progression-free survival (LPFS) were primary endpoints. Toxicity, progression- 
free survival (PFS) and overall survival (OS) were secondary endpoints. Thirty-one patients 
in the WBRT group and 23 patients in the combination group were enrolled from November 
2009 to December 201 1. In the WBRT and the combination arms, respectively, the objective 
response rate was 54.84% and 95.65% (P = 0.001), the median local progression-free survival 
was 6.8 months and 10.6 months (P = 0.003), the median PFS was 5.2 months and 6.8 months 
(P = 0.009), and median OS was 8.9 months and 10.7 months (P = 0.020). In the combination 
group, there were no differences of LPFS, PFS, and OS between the epidermal growth factor 
receptor (EGFR) mutation patients and EGFR wild-type patients. No Grade 4 or higher side 
effects were observed in either group. A multivariate analysis indicated that erlotinib was 
the most important prognostic factor for a prolonged survival. Data showed that erlotinib in 
combination with WBRT had a tolerable toxicity profile and prolonged the LPFS, PFS, and 
OS of lung adenocarcinoma patients with multiple brain metastases compared with WBRT 
monotherapy. 

Keywords: WBRT, tyrosine kinase inhibitor, radiosensitizer, erlotinib 

Introduction 

Whole brain radiotherapy (WBRT) is the standard treatment for patients with mul- 
tiple brain metastases. 1,2 It is theoretically reasonable to treat lung adenocarcinoma 
patients with multiple brain metastases with erlotinib, and preliminary clinical results 
demonstrated the efficacy of erlotinib in lung adenocarcinoma patients with multiple 
brain metastases. 3 ~ 7 However, in most of these studies, WBRT and erlotinib were not 
combined, and there have been few clinical trials focusing on lung adenocarcinoma 
patients, of which only some were classified as prospective controlled studies. The 
difference in efficacy of erlotinib in combination with WBRT versus WBRT mono- 
therapy has not been clearly defined. Patients with lung adenocarcinoma often suffer 
from brain metastasis. Erlotinib has been widely used in clinical practice. Therefore, 
clinical studies are necessary to provide data to support the treatment of lung adeno- 
carcinoma patients with multiple brain metastases with the combination of WBRT 
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and erlotinib. In this prospective cohort study, we compared 
the efficacy of WBRT versus erlotinib in combination with 
WBRT in lung adenocarcinoma patients with multiple brain 
metastases. The results will be of great clinical significance 
for the treatment of lung adenocarcinoma patients with 
multiple brain metastases. 

Patient evaluation 

All enrolled patients were required to sign a study-specific 
informed consent, and Tianjin Medical University Cancer 
Institute and Hospital ethical requirements were met. 
Pretreatment evaluations included a complete patient history, 
physical examination, electrocardiogram, upper abdomen and 
neck ultrasound B, bone scan, and brain magnetic resonance 
imaging (MRI) or intensified computed tomography (CT; 
for patients who could not undergo an MRI due to internal 
metal objects). Laboratory evaluations included hematology, 
renal and hepatic function analysis, and measurements of 
blood glucose, electrolytes, and lung cancer markers. The 
6th edition American Joint Committee on Cancer tumor- 
nodes-metastasis staging system was used for disease staging. 
If a patient had received epidermal growth factor receptor 
(EGFR) mutation status testing (but did not necessarily have 
an EGFR mutation), he/she received WBRT concurrent 
with erlotinib; if the EGFR mutation status was unknown, 
he/she received WBRT monotherapy. For this reason, the 
number of patients in the two groups differed. The mutation 
detection included 18,19,20,21 exons of EGFR, and k-ras 
mutation. The direct sequencing method was used for muta- 
tion detection. The tissue for detection was from the primary 
tumors. The criteria for inclusion, exclusion, removal, and 
discontinuation are summarized in Table 1 . 

This study was approved by Tianjin Medical University 
Cancer Institute and Hospital ethics committee. All clini- 
cal investigation was conducted according to the principles 
expressed in the Declaration of Helsinki. All participants 
provided written consent from themselves and their family 
members to participate in this study. A treating physician, a 
hospital ethics committee staff member, and a medical record 
department staff member were present at follow-up to document 
the process. Confidentiality of records was always respected. 

Study design and treatment plan 

Lung adenocarcinoma patients who progressed after first-line 
chemotherapy and had multiple brain metastases diagnosed 
by imaging were enrolled in the study. WBRT was prescribed 
at a dose of 30 Gy/lOf in both arms for 5 days per week, 
up to 2 weeks. In the combination arm, 150 mg erlotinib was 



Table I Eligibility criteria, exclusion criteria, rejection criteria, 
and suspension criteria 



WBRT group 



WBRT + 

erlotinib group 



Eligibility Lung adenocarcinoma 



Exclusion 
criteria 



First-line chemotherapy failure 
Multiple brain metastases 
diagnosed by CT/MRI 
RPA class I or 2 

Expected survival time &6 months 
Over 4 weeks after blood-brain 
barrier-crossing cytotoxic drugs 
medication 

Hb g 90; granulocyte count a 1 .5 X 
I O'/L; Platelet count S 1 00 x 1 07L; 
Serum bilirubin S 1 .5 x ULN; 
AST and/or ALT S2x ULN; 
Serum creatinine SI. 5 x ULN 
Double or multiple primary cancer 



Equal to WBRT 
group 

Having EGFR 

mutation 

detection 



Equal to WBRT 
group 

Unable to take 
erlotinib 



Rejection 
criteria 



Suspension 
criteria 



Presence of unstable systemic disease 
RPA class 3 
Leptomeningeal metastases 
Patient is unable to complete WBRT 
Treated with SRS after WBRT 
Previous use of TKI 

Taking blood-brain barrier-crossing cytotoxic drugs 
in the period of WBRT or follow-up 
Application of stereotactic radiotherapy in follow-up 
or WBRT 

Not following the implementation of this program 
Patient requirement 
Serious adverse reactions 



Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
CT, computed tomography; EGFR, epidermal growth factor receptor, Hb, hemoglobin; 
MRI, magnetic resonance imaging; RPA, recursive partitioning analysis; SRS, 
stereotaxic radiosurgery; TKI, tyrosine kinase inhibitors; ULN, upper limit of normal; 
WBRT, whole brain radiotherapy. 

administered once daily from the first day of WBRT to a month 
after the end of radiotherapy. Patients in both groups were 
visited 1 month after the end of WBRT; subsequent treatment 
decisions were based on changes in physical status and symp- 
toms. If the performance status (PS) score was ^ 1 , the patient 
received pemetrexed or docetaxel monotherapy. The dose was 
adjusted based on the patient's physical status. If the PS score 
was &2, the patient received the best supportive care. 

Follow-up 

All patients were closely monitored for toxicity. To evaluate 
the response, all patients received a whole-body examina- 
tion 1 month after WBRT and once every 2-3 months 
thereafter. At each follow-up, a detailed medical history, 
physical examination, electrocardiogram, chest CT, upper 
abdomen and neck ultrasound B, bone scan, and brain MRI 
or intensified CT (for patients who could not receive an MRI 
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due to internal metal objects) were obtained. Laboratory 
evaluations included hematology, renal and hepatic function 
analysis, and measurements of blood glucose, electrolytes, 
and carcinoembryonic antigen. Common Terminology 
Criteria for Adverse Events version 3.0 s - 9 was used to 
assess toxicities, and Response Evaluation Criteria in Solid 
Tumors (RECIST) Version 1.0 was used to evaluate the 
tumor response. 10 ' 11 

Endpoints and statistical analysis 

In this study, the intracranial objective response rate (ORR) 
and local progression-free survival (LPFS) were primary 
endpoints. Toxicity, progression-free survival (PFS) and 
overall survival (OS) were secondary endpoints. ORR 
was based on the best response measured according to the 
RECIST 1.0. LPFS was defined as the time from treatment 
initiation to the first occurrence of intracranial progression or 
death. PFS was defined as the time from treatment initiation 
to the first occurrence of disease progression or death. OS 
was defined as the time from treatment initiation to the date 
of death from any cause. In estimating the PFS and the OS, 
if progression was observed the patient was censored at the 
date of the last progression-free tumor assessment. Statistical 
Product and Service Solutions version 17 (IBM Corporation, 
Armonk, NY, USA) was utilized to perform independent 
Mests to compare patient characteristics and toxicities. The 
direct method was used to calculate the survival rate, and 
Kaplan-Meier survival curves were generated. A Cox regres- 
sion analysis of prognostic factors was utilized for single and 
multiple factor tests. A linear correlation analysis was used 
to identify correlations between variables. 

Results 

Patient characteristics 

From November 2009 to December 201 1, 31 patients were 
included in the WBRT group, and 23 patients entered the 
combination group. Among the patients in the combina- 
tion group, 12 patients had no exons mutations; eleven 
patients had 19/21 exons mutations, and no patients had 
k-ras mutations. All enrolled patients were treated with the 
allocated regimens and received follow-up evaluations. The 
follow-up rate was 100%. In the WBRT arm, 19 patients 
received the consecutive chemotherapy, while 12 patients 
had no further chemotherapy due to poor physical condition. 
In the combination arm, 14 patients received consecutive 
chemotherapy and nine patients had no further chemotherapy 
(P > 0.05, compared with WBRT arm). The baseline charac- 
teristics of enrolled patients are summarized in Table 2. 



Table 2 Patient and tumor characteristics 



Characteristic 


WBRT 

group 


WBRT + 

erlotinib group 


Cases 


31 


23 


Sex 






Female 


18 (58) 


13(57) 


Male 


13(42) 


10 (43) 


Age (y) 






Range 


43-81 


37-76 


Median 


63 


60 


PRA class 






1 


3(10) 


2(9) 


2 


29 (90) 


21 (91) 


KPS score 






Range 


70-100 


70-100 


Median 


80 


80 


Initial stage (cases) 






1 


2(7) 


1 (4) 


II 


8(26) 


6(26) 


III 


1 1 (35) 


8(35) 


IV 


10 (32) 


8(35) 


EGFR status 






EGFR mutation 


- 


1 1 (48) 


EGFR wild-type 


- 


12 (52) 


EGFR unknown 


31 (100) 


0(0) 


Previous therapy 






Chemoradiotherapy only 


16(52) 


1 1 (48) 


Chemoradiotherapy + surgery/ 


15 (48) 


12 (52) 


surgery + chemoradiotherapy 






Tumor control before WBRT 






CR 


0(0) 


0(0) 


PR 


5(16) 


3(13) 


SD 


1 1 (36) 


9(39) 


PD 


15 (48) 


1 1 (48) 


Brain metastases 






Range 


2-12 


2-35 


Median 


4 


4 


Size of largest brain metastasis (cm) 






Range 


0.70-4.10 


0.80-4.70 


Median 


2.10 


2.20 


Extracranial metastasis 






or uncontrolled primary tumor 






Yes 


26 (84) 


21 (91) 


No 


5(26) 


2(9) 


Consecutive chemotherapy 






Yes 


19(61) 


14(61) 


No 


12 (39) 


9(39) 



Notes: Data presented as number of patients, with percentages in parentheses. 
P > 0.05 comparing all the characteristics between the two groups. 
Abbreviations: CR, complete response; EGFR, epidermal growth factor receptor; 
KPS, Karnofsky Performance Scale; PD, progressive disease; PR, partial response; 
PRA, recursive partitioning analysis; SD, stable disease; WBRT, whole brain 
radiotherapy; y, year. 

Acute toxicity and treatment compliance 

Acute toxicities are summarized in Table 3 . Regarding the 
skin, gastrointestinal tract, eyes, headache, nausea, respiratory 
system, hematology, and hepatic and renal function, no side 
effects of Grade 4 or higher were observed. The following 
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Table 3 Treatment-related toxicity 



NCI-CTC adverse 
event 



Grade (cases: WBRT/WBRT + 
erlotinlb) 





Any 


1 


2 


Constitutional symptoms 








Acratia 


1 C / 1 T 
1 Dl 1 z 


1 T /Q 
1 Z/7 


■3 /■} 
j/ J 


Fatigue 


1 11 
5/5 


1 11 
51 5 




Weight loss 


13/12 


11/10 


2/2 


Dermatology 








Cheilitis 


0/0 


1 19 




Dry skin 


1/9* 


0/3 


0/ 1 


Nail changes 


fi/4* 


U/ 7 




Pruritus/itching 


0/9* 


0/9 


0/4 


Kasn 


U/ 1 5 






Radiation dermatitis 


4/5 






Gastrointestinal 








Anorexia 


8/1 3* 


2/5 


2/6 


Constipation 


ft/ 1 ft 
0/ 1 \j 


ft /ft 
0/0 


fin 
u/ z 


Diarrhea 


1 / j 


1 /3 
1 / j 




Dyspepsia 


1 / j 


1 ii 
1 /J 




Nausea 


7/11* 


6/7 


1/4 


Vomiting 


5/6 


1/4 


0/2 


Mucositis 


l/l 


l/l 




Stomatitis 


1/2 


1/2 




Taste alteration 


3/3 


3/3 




Eyes 








Xerophthalmia 


0/0 






Conjunctivitis 


0/0 






Headache 


6/5 


5/ 1 


1 /4 


Dizziness 


6/11* 


5/10 


0/0 


Pulmonary/upper respiratory 








Cough 


5/8 


5/7 


0/ 1 


Dyspnea 


0/0 






Pneumonitis 


7/7 


7/7 




Blood 








Hemoglobin 


2/5 


2/5 




Leucocyte 


3/3 


3/3 




Platelet 


2/2 


2/2 




Liver/renal function 








AST 


2/4 


2/2 


0/2 


ALT 


2/3 


2/3 




Bilirubin 


1/0 


1/0 




Serum creatinine 


2/2 


2/2 





0/2 



l/l 



Note: *P < 0.05. 

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
NCI-CTC, National Cancer Institute-Common Toxicity Criteria; WBRT, whole 
brain radiotherapy. 

side effects were more prevalent in the combination group 
than in the WBRT group: dry skin, nail change, skin pruritus, 
rash, anorexia and nausea; the incidence of these side effects 
was statistically significantly different (P < 0.05). However, 
all these side effects were well tolerated, and no patients 
required an erlotinib dose reduction. There was no difference 
in late neurotoxicity between the two arms. 

Control of brain metastases 

The intracranial control results were better in the combination 
group than in the WBRT monotherapy group. Based on the 



best intracranial efficacy, the WBRT monotherapy group had an 
ORR of 54.84% (CR [complete response]: 12.9%, PR [partial 
response]: 41.94%, SD [stable disease]: 38.71%, PD [progres- 
sive disease]: 6.45%), and the combination group had an ORR 
of 95.65% (CR: 34.78%, PR: 60.87%, SD: 4.35%, PD: 0.00%). 
During follow-up, only two patients (8.70%) in the combination 
group experienced local progression more than 1 year after treat- 
ment, and the WBRT monotherapy group had a local progression 
rate of 41 .94% (13 cases) within 1 year of treatment. 

Survival 

The median LPFS, PFS, and OS were: 6.8 months (range, 
0-18.7 months), 5.2 months (range, 0-14.7 months) and 
8.9 months (range, 4.5-19.7 months), respectively, in the 
WBRT group; and 10.6 months (range, 4.9-20.7 months), 
6.8 months (range, 1 .5-20.7 months) and 10.7 months (range, 
5.3-29.7 months), respectively, in the combination group. 
The combination group had significantly higher survival 
rates at 6 months (91.30% versus 83.87%), 1 year (34.78% 
versus 6.45%), and 2 years (4.35% versus 0.00%) than the 
WBRT group. There were statistically significant differences 
in the LPFS, PFS, and OS between the groups (Figure 1). In 
the combination group, there were no differences in LPFS, 
PFS, and OS between the EGFR mutation patients andEGFR 
wild-type patients (Figure 2). 

Cox regression/analysis of survival factors 

Univariate and multivariate analyses were performed to iden- 
tify the effects of the following factors on LPFS: age, sex, 
Karnofsky Performance Scale (KPS), the presence or absence 
of extracranial metastasis or uncontrolled primary lesions, the 
maximum diameter of the intracranial lesion, the number of 
intracranial lesions, and the use of tyrosine kinase inhibitors 
(TKIs) or chemotherapy. Univariate and multivariate analyses 
were performed to identify the effects of the following factors 
on PFS and OS: age; sex; KPS; the presence or absence of 
extracranial metastasis or uncontrolled primary lesions; the 
presence or absence of intracranial progression; and the use 
of TKIs or chemotherapy. P < 0.05 in the univariate analysis 
was the criteria for inclusion in the multivariate analysis. 
These analyses indicated that erlotinib had a statistically 
significant effect on LPFS, PFS, and OS, with a greater effect 
on LPFS than on PFS or OS (the multivariate analysis for 
LPFS had the highest chi square value) (Table 4). 

Discussion 

This study revealed that erlotinib in combination with WBRT 
had a tolerable toxicity profile in lung adenocarcinoma 
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Figure I The LPFS, PFS, and OS of WBRT group versus WBRT+erlotinib group. 

Notes: The median LPFS, PFS, and OS were 6.8 months (range, 0-I8.7 months), 5.2 months (range, 0-I4.7 months), and 8.9 months (range, 4.5- 1 9.7 months), respectively, 
in the WBRT group and 1 0.6 months (range, 4.9-20.7 months), 6.8 months (range, 1 .5-20.7 months), and 1 0.7 months (range, 5.3-29.7 months), respectively, in the 
combination group. There were statistically significant differences in the LPFS, PFS, and OS between the groups. 

Abbreviations: CI, confidence interval; HR, hazard ratio; LPFS, local progression-free survival; OS, overall survival; PFS, progression-free survival; WBRT, whole brain 
radiotherapy. 



patients with multiple brain metastases. Compared with 
WBRT monotherapy, the combination of erlotinib and 
WBRT had a significantly greater intracranial efficacy and 
prolonged PFS and OS in adenocarcinoma patients with 
multiple brain metastases. 

Two aspects regarding the study design should be 
discussed. No chemotherapy was provided during radio- 
therapy or for 1 month after radiotherapy in the WBRT 
monotherapy group for several reasons. First, in patients with 
multiple brain metastases who are receiving WBRT, con- 
comitant chemotherapy might be poorly tolerated. Second, 
the second-line cytotoxic drugs (docetaxel or pemetrexed) 
for lung adenocarcinoma have poor permeability across the 
blood-brain barrier. During the initial period of radiotherapy, 
if chemotherapy is used in combination with WBRT, these 
drugs will not affect the intracranial metastases because the 
blood-brain barrier is intact. During the later periods of 
radiotherapy, patients may have serious adverse reactions 



from the radiotherapy, and concomitant chemotherapy will 
be poorly tolerated. Third, studies on teniposide and other 
drugs have demonstrated that patients did not benefit from 
chemotherapy in combination with WBRT. 12-14 Additionally, 
chemotherapy should be repeated at intervals; therefore, 
it cannot be combined because erlotinib and radiotherapy 
are given continuously. In the clinic, patients are evaluated 
1 month after WBRT (considering the cell death during the 
proliferative phase after radiotherapy), and subsequent sys- 
temic therapy may be prescribed. This is the current paradigm 
for treating patients with multiple brain metastases. In the 
combination group, erlotinib was coadministered with the 
radiotherapy and continued for 1 month after radiotherapy 
based on the following considerations. First, LPFS was one 
of the primary endpoints of the study. Considering the dam- 
age WBRT inflicts on the blood-brain barrier and its process 
of repair as well as the tumor cell death in the proliferative 
phase after radiotherapy, the periods of time during and for 
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Figure 2 The LPFS, PFS, and OS of EGFR mutation patients versus EGFR wild-type patients in the combination arm. 

Notes: In the combination group, 1 2 patients had no exons mutations; I I patients had 1 9/2 1 exons mutations, and no patients had k-ras mutations. The median LPFS, PFS, 
and OS were 9.6 months (range, 6.9-I6.4 months), 7.5 months (range, 6.2-I6.I months), and I0.2 months (range, 7.I-I6.5 months), respectively, in the EGFR wild-type 
group and I 1 .2 months (range, 4.9-20.7 months), 6. 1 months (range, 3.2-20.7 months), and I 1 .5 months (range, 5.3-29.7 months), respectively, in the EGFR mutation group. 
There were no statistically significant differences in the LPFS, PFS, and OS between the two groups. 

Abbreviations: CI, confidence interval; HR, hazard ratio; LPFS, local progression-free survival; MT-EGFR, mutation-type EGFR patients; OS, overall survival; PFS, progression- 
free survival; WT-EGFR, wild-type EGFR patients; EGFR t epidermal growth factor receptor. 
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Table 4 Results of multivariate Cox regression analysis for LPFS, PFS, and OS 



Factor Regression coefficient Wald value P value RR value 95% CI 
LPFS 

Size of largest brain metastasis 0.764 7.566 0.006 2.146 1.245-3.698 

Extracranial metastasis or 1.566 5.377 0.020 4.788 1.274-17.990 
uncontrolled primary tumor 

Erlotinib medication -2.094 13.882 0.000 0.123 0.041-0.371 

Chemotherapy -1.123 6.001 0.014 0.325 0.132-0.799 
PFS 

Extracranial metastasis or 3.094 11.882 0.001 22.062 3.799-128.124 
uncontrolled primary tumor 

Erlotinib medication -1.297 7.191 0.007 0.273 0.106-0.705 
OS 

Extracranial metastasis or 1.332 4.145 0.042 3.787 1 .05 1 — 1 3.647 
uncontrolled primary tumor 

Erlotinib medication -1.012 3.843 0.050 0.364 0.132-1.000 

Chemotherapy -1.296 8.605 0.003 0.274 0.115-0.650 

Abbreviations: LPFS, local progression-free survival; CI, confidence interval; OS, overall survival; PFS, progression-free survival; RR, response rate. 



1 month after radiotherapy are the most critical for coadmin- 
istering erlotinib. Second it would be inconsistent with cur- 
rent guidelines, and therefore unethical, to initiate erlotinib 
treatment at the beginning of WBRT and continue until the 
disease progressed but give nothing after radiotherapy to 
patients in the WBRT monotherapy group. 

The efficacy in the combination group might result 
from the actions of both erlotinib and WBRT. Erlotinib 
has good permeability across the blood-brain barrier, 15,16 
and WBRT induces maximal damage to the blood-brain 
barrier, 17 " 19 which can further increase the intracranial erlo- 
tinib concentration. Unlike chemotherapy, erlotinib is dosed 
daily, which may provide a greater opportunity for success in 
combination with WBRT. Additionally, erlotinib enhances 
the effects of radiation, which provides adequate justification 
for its concomitant use with WBRT. Therefore, the combina- 
tion of erlotinib and WBRT is reasonable. 20,21 

This study confirmed that the combination of erlotinib 
and WBRT is safe, and made a preliminary but beneficial 
exploration into the difference in efficacy between WBRT 
monotherapy and the concurrent regimen of erlotinib and 
WBRT. Based on the ORR and local failure rates, the local 
efficacy was confirmed in the combination group, and there 
was a statistically significant difference in the LPFS curve 
between the groups. The observed toxicities also confirmed 
the features of erlotinib in combination with WBRT. More 
necrosis is expected to occur in the combination group. 
Therefore, there would be more serious reactions to the 
cerebral edema. The systemic benefits of erlotinib were 
reflected in the PFS and OS curves. There were statisti- 
cally significant differences between the combination and 



the WBRT monotherapy groups. There was a statistically 
significant effect of erlotinib on PFS and OS based on the 
univariate and multivariate analyses. There was a statistically 
significant difference in the LPFS. The LPFS was longer 
than the PFS, but the chi square value for LPFS was greater, 
potentially because of the TKI-mediated enhancement of the 
radiation effect in the combination therapy. Most studies 
have demonstrated that TKIs prolong PFS rather than OS. In 
this study, however, erlotinib prolonged OS. The prolonged 
OS might stem from erlotinib itself (an additional treatment 
compared with the WBRT monotherapy group) and could 
result from superior intracranial lesion control and the sub- 
sequent chemotherapy given to patients in the erlotinib and 
WBRT combination group (multivariate analysis). Based on 
our experience and the characteristics of patients with brain 
metastases, if good intracranial control is achieved patients 
are more likely to receive chemotherapy after radiotherapy. 
If patients have poor intracranial control, poor physical 
performance, and severe brain metastases, they may not be 
able to receive subsequent chemotherapy. Chemotherapy is 
sometimes given to patients with intracranial disease progres- 
sion, but it is not standardized and cannot be continuously 
administered. Additionally, second-line erlotinib treatment 
and single-agent chemotherapy have similar efficacy. 22 If erlo- 
tinib is administered from the beginning of radiotherapy until 
systemic progression occurs, rather than for only 1 month 
after radiotherapy, erlotinib may further improve PFS and 
OS in patients ineligible for chemotherapy because of poor 
physical performance. Although it is clear that EGFR muta- 
tion has influence on the effect of erlotinib, in this study, the 
EGFR status had no influence on the survival in combination 
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groups. This result might be due to the drug administration 
time and the small sample of the study. 

Further research is needed on the influence of EGFR 
mutations on the combination of erlotinib with radiotherapy. 
The impact of mutations on the effect of radiotherapy, and the 
impact of radiotherapy on mutations, is unclear. Radiotherapy 
has an important effect on the chromosomes, and it is an 
important mutagenic factor. Only a few trials have focused 
on this topic; the sample sizes of the trials studying WBRT 
combined with erlotinib were small, and some were case 
reports. This question warrants further research. 

Compared with previous studies, 6 23 this was a prospec- 
tive single-arm study that compared erlotinib and WBRT 
combination therapy with WBRT monotherapy in patients 
with lung adenocarcinoma. This study determined the 
advantages of erlotinib/WBRT combination therapy com- 
pared with WBRT monotherapy in managing intracranial 
lesions, enhancing the local efficacy of erlotinib and its 
effect on overall survival, and on the KPS, extracranial 
metastases, chemotherapy, and other factors that influ- 
ence survival. These results are relevant to the manage- 
ment of lung adenocarcinoma patients with multiple brain 
metastases. There are many second-line therapeutic options 
for lung adenocarcinoma, but if patients progress and have 
multiple brain metastases after first-line treatment, this study 
suggests that erlotinib may be superior when combined with 
WBRT for local lesion management. This strategy may 
provide specific guidelines for the second-line treatment of 
lung adenocarcinoma and therefore is clinically significant. 
A previous paper 24 has demonstrated that erlotinib had a 
good objective response rate and survival time in patients 
with brain metastases of lung adenocarcinoma. However, 
the patients treated with erlotinib alone for brain metastasis 
often had either none or mild symptoms of metastasis. If a 
brain metastasis patient had serious symptoms, he/she was 
typically treated with WBRT. The differences are often obvi- 
ous between the samples in different trials; therefore, the 
survival time of the patients may have obvious differences 
between different clinical trials. 

In summary, erlotinib/WBRT combination therapy for 
the treatment of lung adenocarcinoma patients with multiple 
brain metastases has a reasonable theoretical basis. This study 
demonstrated that erlotinib in combination with WBRT sig- 
nificantly improved intracranial lesion control and prolonged 
LPFS, PFS, and OS compared with WBRT monotherapy. 
The combination of erlotinib and WBRT provides a superior 
option for the treatment of lung adenocarcinoma patients with 
multiple brain metastases. We believe that the combination of 



erlotinib and WBRT has a promising future for the treatment 
of patients with metastatic lung cancer in the brain. 
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